household surveys from LDC's, income appears to be severely underreported relative to expenditure, resulting in absurdly low savings figures. Many income and expenditure surveys yield estimates of aggregate household savings levels that are far below those indicated by national-accounts estimates (see Pravin Visaria, 1980) . Estimates of models of savings behavior based on such apparently questionable data are themselves likely to be suspect.
The Thai data used in this paper are similar to other survey data in that savings figures appear to be much too low. However, I show that a portion of the apparent downward bias in the savings measures is due to inflation over the survey period and can be easily corrected. Specifically, the Thai income and expenditure survey, like many such surveys, asked respondents about income earned in the year before the survey and expenditure on many items in the week or month before the survey. This method of data collection makes income appear low relative to consumption, since consumption is measured at more recent (and higher) prices. Simple adjustments for inflation can be done after the survey is completed, yielding savings figures that are much closer to (although still lower than) national-accounts measures of household savings.
The paper is organized in the following way. Section I develops an empirical model of savings in the presence of transitory income fluctuations and discusses some estimation issues. Section II discusses the construction of the savings measures used in the analysis and shows how inflation adjustment affects estimates of household savings rates for the whole Thai economy. Section III presents estimation results.
I. A Permanent-Income Model of Savings
As a starting point, I assume that the savings of household i in region r at time t is a linear function of permanent income (YirP), transitory income (Yi), and the variability of the household's income (VARir) . Permanent income is defined over a short time horizon, as expected income for year t conditional on the resources (and information) of the household at the beginning of the period. Transitory income is the difference between realized and expected income.' Because longer-term life-cycle factors may also be important determinants of savings, a set of variables Wir, that measure the life-cycle stage of the household is also included in the savings equation.
(1) Sirt= ao + Yi + Yita2 +VARira3 +Wrt a4 +errorirt A savings equation that is linear in permanent income, transitory income, and the variance of income can be obtained by maximizing. a lifetime utility function that is additively separable over time and has either a quadratic or a constant-absoluterisk-aversion (CARA) form, given that the household's income stream is normally distributed. Such a model suggests that the parameter a1, the propensity to save out of permanent income, should be close to 0 and that a2, the propensity to save out of transitory income, should be close to 1.2 The sign of a3 is theoretically ambiguous. A CARA utility function implies a positive value for a3, whereas a quadratic utility function implies that a3 should equal 0. Other utility functions imply that the change in savings with respect to the variance of income is negative (see Mark Gersovitz, 1987) . Although theoretically ambiguous, it is of empirical interest to find out whether those with riskier income streams save more, 1in this paper, I am most concerned with whether households smooth consumption in response to shortterm shocks to income, and so I use a short-term horizon when defining permanent income. The concept of "permanent income" used in this paper should not be confused with that used in life-cycle models, in which permanent income is defined as the annuity value of lifetime wealth. 2If (i) the utility function has a CARA or quadratic form, (ii) the interest rate equals r, (iii) the discount rate equals 1/(1 + r), and (iv) income is independently and identically distributed normal, then a2 approaches 1/(1 + r) as the length of the household's lifetime goes to infinity. If there is serial correlation in income such that Y, = u + PYt + E, then a 2 approaches (1 -p)/ (1+ r-p). on average, than those with more stable incomes. However, without panel data on households, measures of income variability are hard to come by. The approach taken in this paper is to proxy VARir with a set of variables that measure the variability of regional rainfall, on the assumption that more variable rainfall results in more variable income. This implies that VARir does not vary across households within the same region or across survey years.
The life-cycle factors in Wir, consist of variables that measure the number of household members in each of five age categories. Life-cycle models suggest that households with greater numbers of young children and older members can be expected to save less, since the current labor income of these household members is less than the annuity value of their lifetime wealth. Furthermore, if parents rely on children for support in old age, then expenditure on children may serve as a substitute for savings, implying that households with more children will save even less (see e.g., Mark Nerlove, 1985) .
Estimation of the savings equation (1) requires information on permanent and transitory income. The basic problem of estimating the model is that these are unobserved. The typical method of estimating savings equations similar to (1) using crosssectional data has been to find a set of variables that are assumed, a priori, to be related to permanent income but not to consumption, use these variables as instruments in an income equation, and then estimate the propensity to save out of permanent income.3 In these studies, transitory income is either measured as a residual (i.e., income minus estimated permanent income) or is left unmeasured and is omitted from the savings (or consumption) equation. This estimation method is useful only if suitable instruments for permanent income can be found. When the available data comprise only one or a few cross sections, it may be that the chosen determinants of permanent income are actually related to transitory income in the survey year.
Because of the difficulties associated with measuring permanent income, I focus on the explicit measurement of transitory income produced by rainfall shocks. I use time-series information on regional rainfall to construct measures of a component of transitory income for Thai rice farmers and estimate the propensity to save out of transitory income. An estimable version of the model is as follows. First, assume that the permanent income Yi, of the household may be expressed as (2) YP+P +Xt+ft ( ) Yirt = t + POr + Xiprt X i +Ert -X, represents a vector of householdspecific variables that are determinants of permanent income. These include six dummy variables indicating the amount of land owned by the household and a set of variables measuring the number of household members in 13 age/sex/education categories.' I8Or is a regional fixed effect that captures the influence of region-specific 3For example, Musgrove (1979) estimates savings models with cross sections of South American households using variables such as the age, education, and occupation as determinants of permanent income. Wolpin (1982) instruments income using information on historical (not current) regional rainfall for rural Indian households, on the assumption that regions with typically good weather will have higher permanent incomes. Bhalla (1980) uses three-year panel data on Indian households to calculate two measures of permanent income, one based on estimates of an earnings equation and another based on a weighted average of past income. See also Bhalla (1978 Bhalla ( , 1979 for other strategies for estimating permanent-income models with panel data. 4The use of the number of household members as a determinant of permanent income could be problematic if the number of household members were to change during the course of the year. For example, one could imagine that poor weather conditions might result in temporary migration to other regions of the country. In this case, the number of household members would be a "transitory" variable that is determined jointly with income and savings. Fortunately, this is not likely to be a large problem, given the definition of household membership used by the SES. The SES included in the survey all "usual" members of the household, even if they were absent at the time of the survey, provided that they were not expected to be away for more than three months. In other words, transitory rainfall should affect income and savings in an identical manner and should have no effect on consumption. Likewise, the hypothesis that a1, the propensity to save out of permanent income, is 0 implies that the effects of all variables in XPt (that are not colinear with elements of Wirt) should have no effects on savings. This hypothesis can be tested by checking whether the elements of 'yl that correspond to the landownership variables equal 0.
The second set of results in Section III consists of estimates of the structural savings equation (5). Two estimation strategies are used. The first, which is computationally simple although not efficient, is a two-step procedure (see Adrian Pagan, 1984). First, the income equation (4) is estimated using ordinary least squares.5 The resulting pa-
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Assuming that the error term in the income equation is not correlated with the explanatory variables, ordinary least squares will produce consistent estimates. It is likely, however, that households have unmeasured characteristics that affect permanent income and are correlated with measured determinants of permanent income, leading to biased parameter estimates. Bhalla (1980) 7To show this, one can assume that the error term in income is composed of two independent components: the first reflects unexplained deviations in income from its permanent level, and the second reflects measurement error. If savings are computed as the difference between income and expenditure, then it might be reasonable to assume that the error term for the savings equation also consists of two independent terms: that due to measurement error in expenditure and that due to measurement error in income. Let a. denote the propensity to save out of unexplained income. Since the residual from the income equation is orthogonal to the other variables in the savings equation, then only a. will be inconsistent, and
where o2 is the variance of the measurement-error term for income, and ao2 is the variance of the error term for income that is due to true unexplained deviations in income from its permanent level. It is not difficult to work out the bias factor for more general cases. Note that if, as a permanent-income model suggests, a. is very close to 1, then the extent of the bias on a. will be small. If, on the other hand, a. is less than 1, the estimate of a. will be biased toward 1, increasing the chance that a permanent-income model is (incorrectly) accepted.
ever, measurement error should not affect estimates of the parameters a, and a2. The second strategy for estimating the model is to estimate the income and savings equations (4) and (5) simultaneously using a maximum-likelihood procedure. The maximum-likelihood estimator is simply the estimator of the reduced-form savings and income equations subject to the nonlinear restrictions on the parameters embedded in equation ( There are (at least) three ways to measure savings with these data. The first measure, which will be called SAVE1, is defined as the difference between income and expenditure on all goods and services. SAVE1 is a traditional measure of savings and corresponds closely to the concept of savings used in the national accounts. However, SAVE1 may understate savings, because expenditure on consumer durables has a savings component: many consumer durables (such as vehicles, consumer electronics, and even clothing and shoes) are not consumed upon purchase, but instead yield a flow of consumption services over the lifetime of the good.
The second measure, SAVE2, is defined as the difference between income and expenditure on all goods and services except consumer durables. Consumer durables are broadly defined to include vehicles, household and recreational equipment, furniture, clothing, footwear, and educational expenses. Unlike SAVE1, SAVE2 accounts for the fact that purchases of consumer durables may actually represent savings. However, SAVE2 overestimates "true" savings (given that income and expenditure are reported accurately), since it includes purchases of durables as savings but does not exclude the consumption flow from durables already owned or purchased in the survey year.8
The third savings measure, SAVE3, is defined as purchases minus sales of real and financial assets in the month before the survey. The financial assets (and liabilities) include cash holdings, checking and savings accounts, stocks, bonds, business investments, and liabilities to various sources. The real assets include land, real estate, gold, jewelry, and "other valuables." Because consumer durables are not treated as assets, this measure is conceptually the same as SAVEL. However, SAVE3 may have serious measurement problems, since purchases and sales of such things as farm animals and equipment are not explicitly measured (although respondents may have treated these items as "other valuables").
B. Correcting Saving Figures for Inflation Bias
Income and expenditure data from lessdeveloped countries often yield the result that reported expenditure exceeds reported income for a large fraction of households. For example, Visaria (1980) examines household survey data from Malaysia, Sri 8The SES does provide information on the rental value of housing owned by survey respondents, and this rental value is included in expenditure for both SAVE1 and SAVE2. Lanka, and Taiwan and finds that income appears to be underreported relative to expenditure. The Thai data used in this paper appear to have similar problems. For example, the estimate of national household savings (using SAVE1) based on the 1981 SES is -6,780 million baht. The nationalaccounts figure for household savings in 1981 is 88,283 million baht. Although the national-accounts figures may also be subject to a great deal of error, it appears that the survey-based measure of savings is far too low.
While much of the apparent downward bias in savings measures from household surveys may be due to reporting error, part of it may be due to the structure of the surveys themselves. Many surveys of income and expenditure use different time frames to obtain information on income and expenditure. Often, households are asked about expenditure during a short time period (i.e., a week or month) before the survey, and income received during a longer time period (i.e., a month or year) before the survey. This is true of surveys from Malaysia and Sri Lanka discussed in Visaria (1980). It is also true of the Thai SES, which asked households about income and expenditure on infrequently purchased goods in the year before the survey, expenditure on all other goods except food in the month before the survey, and expenditure on food in the week before the survey.9 If there is inflation over the survey year, savings measures will be biased downward, since expenditure is measured at more current (and therefore higher) If inflation is positive, the bias factor B must be between 0 and 1. For example, an annual inflation rate of 16 percent would result in a value of B of 0.93, implying that measured expenditure overstates actual expenditure by 7 percent. Since B <1, adjusted savings will be greater than unadjusted savings, with the extent of the bias determined by the inflation rate and the amount spent on monthly and weekly items. If poorer households spend a larger fraction of their incomes on those goods included in EM (food and clothing, as opposed to durable goods), then unadjusted measures of the fraction of income saved will be biased down more for poorer households than for richer households.
SAVE3 is not based on the difference between income and expenditure, so it will 9In 1981 and 1986, farm households were asked about farm revenues and costs for the past "agriculture year." Households were also asked to assess the value of home-produced goods that were consumed. These items are included in expenditure. All figures were then converted to monthly amounts by dividing the annual figures by 12 and multiplying the weekly figures by 4.3.
'0Paul Glewwe (1986 Glewwe ( , 1988 "Commodity-specific price indexes were not available. Inflation-adjustment also alters the relationship between savings rates and income levels. Table 2 1, 2,3,4) . The variables (R -R)2 were also included in XT. 17 The standard deviations of each rainfall measure around its mean value, denoted STD.DEV(RJ), were used as the measures of rainfall variability in VARir.
III. Results
Estimates of reduced-form income and savings equations are presented in Table 3 The rainfall variables are jointly significant in the reduced-form savings equations as well as in the income equation. Furthermore, the hypothesis that the effect of transitory rainfall on savings is identical to the effect of transitory rainfall on income cannot be rejected for any of the three savings measures. The results for rainfall in the planting season are particularly striking and indicate almost identical effects of transitory rainfall on income and savings. The implication of these results is that all extra income due to transitory rainfall is saved rather than consumed, providing support for a strong version of a permanent-income hypothesis.
Although the results support the idea that all transitory income is saved, they do not support the hypothesis that all permanent income is consumed. For all savings measures, the savings propensities out of transitory income are significantly different from the lower propensities to save out of permanent income. As expected, the propensity to save out of permanent income is higher for SAVE2 than for SAVEl: given that SAVE2 treats expenditure on all durable goods (including clothing and footwear) as savings, the part of expenditure on these items that actually represents current consumption should respond positively to increases in permanent income. SAVE3 is associated with the lowest propensity to save out of 18It should be noted that the estimated effects of rainfall changes on income implicitly incorporate the effects of rainfall on output levels, output quality, and prices. If regional differences in rice prices exist, then changes in regional rainfall may affect the value as well as the quantity of output: increased rain could increase output, leading to lower prices, which dampen the effects of rainfall on income. Although rice prices do appear to vary across regions of Thailand, it is difficult to determine whether these differences are driven by local supply conditions or by spatial differences in the quality of rice grown (which may also be affected by rainfall). The general consensus in the literature on rice pricing in Thailand has been that local prices are driven largely by world prices and the Thai government's export policies (see Randolph Barker and Robert W. Herdt, 1985; Amar Siamwalla and Suthad Setboonsarng, 1989). For the purposes of this paper, however, the mechanism by which rainfall affects income need not be specified; all that matters is that rainfall does affect income in a systematic way. The income equations that are estimated are best thought of as reduced-form equations that incorporate price, quality, and quantity effects of regional rainfall variation.
19As noted in Section I, permanent-income models imply that the propensity to save out of transitory income should equal something less than 1. Given that the estimated saving propensities are less than 1, the fact that a null value of 1 cannot be rejected indicates that all null values between the estimated values and 1 also cannot be rejected. Table 3 . The savings equations contained, in addition to the variables shown, a time-varying intercept. Definitions of variables: SAVE1 is income minus expenditure on all goods; SAVE2 is income minus expenditure on nondurable goods; SAVE3 is the change in assets.
permanent income (0.16 for the maximumlikelihood estimates). As discussed in Section I, it is difficult to interpret the estimates of the marginal propensity to save out of unexplained income (e). Since estimates of E contain both permanent and transitory components, the estimated propensity to save out of E is likely to be a mixture of the propensities to save out of permanent and transitory income. Furthermore, measurement error in income will bias up the estimated propen- The maximum-likelihood estimates were used to test the overidentifying restrictions of the model. There are 36 such restrictions, which can be categorized into several groups. First, the coefficients on the rainfall variables in the savings equation must be proportional to the coefficients on these variables in the income equation, with the factor of proportionality equal to a2. Second, the coefficients on the landownership variables must also be proportional across the savings and income equations, with the factor of proportionality equal to a1. There are additional sets of restrictions on the parameters of the age/sex/education variables and on the regional fixed effects. These are not straightforward proportionality restrictions, since age variables and regionspecific measures of rainfall variability appear in the structural savings equation. The test statistics presented at the bottom of Table 4 indicate that the full set of restrictions can be rejected. One possible reason for this outcome is that there may be unmeasured region-specific factors that affect savings independently of income. For example, regional rainfall variability may be only one of several region-specific variables that affect income variability. To explore this possibility, I estimated a model that included regional effects in the savings equations, the results of which are shown in the top portion of Table 5 . The tests of overidentifying restrictions for this model pass at conventional levels of significance, although there is some evidence against the 20See also Deaton (1990) for a discussion of the applicability of standard life-cycle models to LDC's. Other articles are discussed in Gersovitz (1987). Table 6 shows a set of savings equations that contain interview-month effects. The model corresponds to that presented in the top portion of Table 5 
IV. Conclusion
This study has yielded some specific results about the savings behavior of Thai farm households. Propensities to save out of transitory income due to rainfall shocks are quite high. This result is important because it indicates that transitory income fluctuations do not have serious welfare consequences for farm households: savings are used to buffer consumption from income shocks. The results provide indirect evidence on how the savings of farm households may respond to shocks to income caused by factors other than rainfall. For example, it may be that reductions in farm income due to transitory declines in world rice prices will result in large decreases in savings of the farm sector, whereas a tax on rice exports that permanently lowers the farm-gate rice price will have a much smaller effect on farm savings. One should be cautious, however, about applying the results of this paper to all types of transitory income fluctuations. Economy-wide declines in income may strain the limits of credit institutions. Likewise, individual households may face borrowing constraints if income declines are very large. The fact that estimated propensities to save out of permanent income are generally above zero indicates that a strong version of the permanent-income model cannot be accepted.2'
The techniques used in this study may be usefully applied to studies of savings in other countries. First, the income and expenditure surveys in many countries use data-collection methods similar to those used for the Thai SES. This study has demonstrated the importance of adjusting savings figures for inflation when different time frames are used to collect income and expenditure data. Second, the technique of using regional time-series data in conjunction with crosssectional household data to derive explicit measures of transitory income may be applied to many countries and occupation groups within countries. To identify a component of transitory income, all one needs are regional time-series on economic or agroclimatic variables that (i) affect income but do not directly affect consumption, and 21See Mark Rosenzweig and Wolpin (1989) and Jonathan Morduch (1990) for Indian evidence on the importance of borrowing constraints. The model in Deaton (1990) contains the assumption that households face a positive net wealth constraint. The simulation results of this model indicate significant amounts of consumption smoothing in most years, with sharp downward spikes in consumption when assets are drawn down to zero. This model implies propensities to save out of permanent income above zero consistent with the results of this paper.
(ii) can be merged with household-level data. Time-series on regional wages, input prices, or output prices, in addition to time-series on weather variables, could potentially be used to identify the transitory income of households. Although cross-sectional data sources are, by themselves, of limited use in the estimation of dynamic savings models, the results of this study indicate that crosssectional data augmented with appropriate time-series data can be used to estimate dynamic savings models. 
